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ABSTRACT

Two new compounds, -f-[2,3,7,8,12,13,17,18-octaethylporphyrinr-bis-

[tricvrbonylrhenium(I)j, (C3 6 H4 4N 4)[RQ(CO) 3 12 and a salt of a mono-

cationic porphyrin acid, octaethylporphinium tri-p-chlorohexacarbonyl-

dirhenate(I), (C3 6H4 7 N4) +[Re 2 (CO) 6 Cl 3 ]-, have been synthesized by the

reaction of a 2:1 mole ratio of rhenium pentacarbonyl and octaethylpor-

phyrin in refluxing decalin under argon. The structure of the latter

was determined from three-dimensional diffractometer data. A total of

10,792 independent reflections was measured. The compound crystallizes

in the monoclinic space group P2,/a with a unit cell of a 18.140(3),

b - 19.847(3), c - 13.625(2)A, 8 - 111.64(2)0. There are four molecules

in the unit cell. The structure was solved by heavy-atom methods and

refined by least-squares techniques to a conventional R index of 0.045

for the 5995 reflections having I Z 30 . The porphyrin monoacid cation

has three coplanar pyrrole rings with the plane of the fourth ring tilted

by 8.60 from the mean plane of the other three. Evidence indicates that

the nitrogen atom in •he tilted ring has sp 3 hybridization. The anion,

which was hitherto unknown, consists of two rhenium atoms bridged by

three chlorine atoms. Three carbonyl groups complete the octahedral

coordination on each metal atom. There is a water molecule of crystal-
lization which is involved in hydrogen bonding with the pyrrole nitrogen

atoms of the cation. The salt could also be prepared using a 1.5/1

Re(CO) 5 C1/H 2OEP mixture with (H-OEP)Re(CO) 3 as the other product. Anal-

agous compounds could be made using mesoporphyrin IX dimethyl ester

and Re(CO)SBr, but the monocationic porphyrin species could not be ob-

-... 4
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tained when meso-tetraphenylporphyrin was used.
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INTRODUCTION

"_Fhe metal-carbonyl insertion methodR has been found usefui for the

preparation of bimetallic porphyrin complexes of rhodium, rhenium, and

technetiim.1-A Metal carbonyl halides are ucre reactive reagents than

metal carbonyls for the synthesis of bimetallic complexes of porphyrins

as well as bimetallic snlts of porphyrin acids.6'0 For example, dimeric

rhodium dicarbonyl chloride reacts with porphyrn\4n benzene at ambient

temperature or in boiling chloroform to form a dtrhodium porphyrin com-

plep or a dirhodium salt of a porphyrin diacid. 9 ' 1 0 In the present work

it was discovercd that dimeric rhenium tetracarbonyl halides are also

capable of reacting with porphyrin in refluxing decalin to form a mono-

rhenium or a dirhenium porphyrin complex as well as a salt complex of a

porphyrin monoacid.~1 This salt contains a hitherto unreported anionic

dimeric halocarboiyl rhenium complex, tri-i-halogeno-hexacarbonyldirhen-

ate(I). The structure of the salt containing chlorhie as the halogen

and octaethylporphinium monoacid as the cation has been elucidated by

several means, primary among them being an x-ray structural analysis. &

preliminary communication on this work has been published. 1 1

Only a few- porphyrin acid structures have been reported. Most of

these have been porphyrin diacids. The earlier st'dies revealed mac-

rocycles with large deviations from planarity, presumably because of

the non-bonded interactions between the four imino hydrogen atoms. 7

However a more recent report on the structure of an H4OEp 2 + salt (OEP -

octaethylporphyrin anion) showed that the macrocycle in that case was

nearly planar.10 Monoacid porphyrin cations are uncommon. Samuels,

Shuttleworth, and Stevens 1 2 reported the preparation of a tri-iodo de-
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rivative of octaethylporphyrin. A later x-ray structure determination,

reported by Hirayama et. al. in a short communication, revealed that

this compound should be fcrmulated as (H3OEP)+I3-.5 While the macrocycle

in this case qhows some deviations from planarity, the H-H contacts

inside the porphyrin "hole" are still too short if the pyrrole nitrogen

atoms are assumed to be trigonally hybridized. Thus partial sp 3 hybrid-

ization of the nitrogen atoms has been proposed for both the monocationic

and dicationic octaetihylporphyrin salts. 5 ,10 Such a hybridization would

be necessary to explain the proposed hydrogen bonding in the H4OEP2+

structure.
1 0

In all of the porphyrin acid structures so far reported, the data

have not been of sufficient quality to examine these suggestiors ade-

quately. However in the present case, crystals of excellent quality

were available. Thus in addition to elucidating the nature of the

material obtained in the synthetic procedure, a full x-ray analysis

promised to shed some light on the nature and conformations of the

porphyrin acids.

RESULTS AND DISCUSSION

Monocation Porphyrinium Tri-i-halogeno-hexacarbonyldirhenate(I).

When a mixture of Re(CO) 5C1 and H2OEP in a 2:1 mole ratio was

refluxed in decalin under argon and then allowed to stand at room

temperature, a large quantity of burgundy colored crystals formed,

leaving a solution of dirhenium octaethylporphyrin complex,

OEP[Re(CO)11 2. The burgundy colored substance was recrystallized from

dichloromethane/cyclohexane as dark red crystals, (I), mp 215-2200. The



structure of the new compound was formulated an (H 3OEP)+ [Re 2 (CO)VcI 31,

monocation octaethylporphinium tri-u-chlorolexacarbonyldtrhenate(1),

based on elemental analysis, spectroscopic data, and a single-crystal

x-ray diffraction analysis.

Compound I has visible absorptions in dichloromethane at 390

(Soret band), 530, 555, 570, and 602 nm. The visible spectrum is

extremely similar to that of monocation octaethylporphinium tritodide,

(H3 OEP)+'I3- (the only previously known porphyrtn monocation salt)% and

is distinctly different from that of the dication salt, (H OEP) 4"'2CI-

(Figure I).6 When ethanol is added to the dichloromethane solution of

I, the visible spectrum reverts to that of meta) free octaethylporphvrin

H2 OEP. The infrared spectrum of I in the solid state (KBr pellet) has

two broad peaks at 3350 and 3375 cm- 1 attributed to stretching vibrations

of the two chemically independent N-H bonds, and three strong metal-car-

bonyl stretching bands at 1950, 2020, and 2050 ca-1. The far-infrared

spectrum of I (in Nujol) has two broad metal-halide stretching peaks at

200 and 250 cm- 1 . The pmr solution of I in deuteriochloroform shows

two sharp peaks at 1.90 (t) and 4.20 (q) 6 for the ethyl substituents

and two broad peaks at 10.70 and -3.50 6 for the bridged r.ethine pro-

tons and the pyrrolic N-H protons, respectively.

The new compound I is moisture sensitive ahnd thermally unstable.

It is fairly suable in dry methyletie chloride, tetrahydrofuran, and

ethylacetate but decomposes iediately in alcohols, acetone, and water

to free octiethylporphyrin, H2 OEP. It can be kept under argon for

several days without decomposition in a vacuum desiccator stored ina

refrigerator. However, it decomposes gradually to dirhenium octaethyl-



porphyrin as indicated by its visible absorp'ion spectrum. Thi. 'ehavior

was confirmed by heating a puriflied sample of I in decalin under argon

(Figure 2). Dirhenium octaethylporphVrtn formed in the supernatant while

the undecomposed burgundy colored solid of I remained at the bottom of

the reaction flask. The aount of the dirhenium octaethylporphyrin

varied with the heating time and temperature. Prolonged heating of I

in refluxing decalin caused further decomposition to monorhenium octa-

ethylporphyrin,(H-OEP)Re(CO) , as indicated by its visible absorption
39

spectrum.11

By reaction of H2 MPIXDME with stoichiometric quantities of Re(CO)XBr

or [Re(CO) 4 Br] 2 in refluxing decalin under argon, an analogous salt-like

complex of I was prepared: (HMPIXDME)*[Re 2 (CO) 6 Br 3 -, (II), monocation

mesoporphyrinium IX dimethyl ester tri-p-bromo-hexacarbonyl dirhenate(I).

This complex haa chemical and spectroscopic properties similar to that

of I (Figure 3). Therefore, a structure identical to that of I is pro-

posed for II.

On the basis of the stepwise changes of visible absorption spectra

of the reaction mixtu:e and the x-ray crystal structure of I, the fol-

lowing reaction scheme was proposed.

H2 OEP + Re(CO) 5 C1 -- - - (H-OEP)Re(CO)1 , + HC1 + 2C0t

(H-OEP)Re(CO) 3 + Re(CO) 5 C1 ---- OEP[Re(CO) 3] 2 + HCl + 2CO+

2Re(CO) 5C1 - [Re(CO)4C1J 2 + 2CO+

[Re(CO) 4 ClJ 2 + HC1 --- H+[Re 2 (CO) 6 CIo- + 2C0+

H2 OEP + HCl > (H 3 OEP)+CI-

(H 3 OEP)+Cl- + H+[Re 2 (CO) 6 Cl3]- - (H 3 0EP)+rRe 2 (CO) 6 C1 3]- + HCl
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2H 2OEP + 4Re (CO) 5C I -b (H 3OEP) +rRe (CO) ,C 1 - + O1EPLf"e(CO) '12 + HCI1

+ 8Cof

Because of the instability of meso-tetraphenvlDorphine monocation, 6 ' 7

none of the corresponding monocation tetraphenylporphinium analogues could

be prepared; possible reasons for this instability are outlined by

Flelscher.6

X-Ray Structural Data

A preliminary study on the single crystal x-ray diffraction analy-

sis of (1) has already been reported. 1 1  It is an ionic compound with

the porphyrin moiety present as a monocationic species, H3 OEP+. In the

anionic species [Re 2 (CO),C1 3 -, the two rhenium ions have octahedral

coordination. They are joined by three bridging chlorine atoms. Three

carbonyl groups On each metal ion comrlete the coordination. ORTEP 1 3

drawings of the compound are shown in Figure 4. Figure 4a also shows

the nomenclature for the differant types of carbon atoms and the desig-

nations for the four rings. A stereoview of the entire formula unit,

including a water molecule of crystallization, is shown in Figure 5.

A. Cation

The imino hydrogen atoms appear to be localized on Rings A, B, and

C. Such a localization was postulated for the H3 OEP+ cation as found

in the tri-iodide salt.S The hydrogen atoms in that study were not

located directly, but the C -N-Ca angle for one ring was retorted as

1020 as compared to the values of 1090 and 1100 for the other -io

crystallographically independent rings, which presumably bear imino

hydrogen atoms. A similar difference is noted in the present case.

Bond lengths and angles are tabulated in Table I. Some non-bonded con-



8

tacts of interest are also shown. Ring D, the pyrollenine ring, ha& a

Ca-N-Ca bond angle of 105.3(6)0, while the analogous angleq on the other

three rings are 110.6(6)0, 108.3(6)0, and 110.8(0P). These valueF cor-

respond to those tabul&Led by Hoard 14 for pyrrole rings respectively

lacking and carrying an N-H bond in free base porphyrins.

Unlike the earlier studies, electron density peaks corresponding

to the imino hydrogen atoms were found in the present case, thus confirm-

ing the localization of the hydrogen atomis. No evidence of any electron

density corresponding to a hydrogen atom bonded to N(4) (Ring D) was

found.

Of particular interest is the planarity of the cation. The free

base of octaethylpor, hyrin is essentially planar. The structure of meso-

tetraphenylporphyrin, H2 TPP, has been reported as planar in a triclinic

crystalline m>)difification 1 5 and as non-plans- in a tetragonal crybtal-

line modification."b Three structures of divalent cationic porphyrin

species have been reported. In the two earlier studies, both of which

involved meso-substituted porphyrins, the cations are decidedly non-

planar.7 In these non-plant.. species, the symmetry of the cations

may be described as S4 . The non-planarity of these cations has been

postulated as a mechanism for reiieving thc crowding of the imino

hydrogen atoms. In a much more recent study, the II OgP 2 + cation, as

observed in a crystalline salt formulated as (H4 OEP2+)[Rh(C1 2 )(CO) 2 -1 2,

is nearly planar.10

As in the earlier study,5 the monovalent H3OEF+ cation in the pre-

sent work has three of the four pyrrole rings (A,C,D) approximately

copl&nar. Information on least squares planes is given in 'able II.
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A" is normally found the individual pyrrole rings are planar. For

rings A, C, and D the interplanar angles between adjacent pyrrole rings

are 3.20 and 2.70. The waximum deviation of an atom from the mean plane

of these three rings is G.07A (for C(2)). The fourth ring (B) is tilted

by 8.60 from the plane of the other three rings. By way of comparisoit,

this angle is 14' in the trilodide salt. In the current study, inter-

planar angles between Ring B and the adjacent rings are 7.90 and 9.80.

It is believed that this deviation from planarity is due in part

to the tight H-H contacts of the imino hydrogens, Ring B, the one which

is not coplanar, bears the imino hydrogen atom which comes in closest

contact with the other two imino hydrogen atoms. However this deviation

from planarity is still not sufficient to relieve the tight contacts

completely. In the present case, the H-H contacts are otill - 1.5-1.6A

if we assume trigonal hybridization and a N-H bond length of 1.OA. The

minim,-m H-H non-bonded contact is usually taken to be 1.9-2.0A. 1 7

In both the H OEP2+ salt land in the triiodide salt of H3 OEP+, 5

sp 3 hybridization of the nitrogen atoms has been postulated. Such a

hybridization would be advantageous for a number of reasons. Most

importantly, such a hybridization would relieve the tight H-H contacts.

A second reason would be to explain the hydrogen bonding arrangement

found in some of these compounds.

In the case of the H4OEP2+ salt,1 0 hydrogen bonds are postulated

between the pyrrole nitrogen atoms and one of the chlorine atoms of

the anion. For this to occur, the N-H bonds need to point more or less

directly towards the chlorine atoms, as would be the case if there were

sp 3 hybridization of the nitrogen atoma.
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In the triiodide salt of H3 OEP+,s, no hydrogen-bonding is reported.

In the present casc there is hydrogen bonding between the pyrrole nitro-

gen atoms and the water molecule of solvation. Intermolecular contacts

between pyrrole nitrogen atoms and the oxygen atom of the water molecule

are shown schematically in Figure 6. N...0 distances are 2.97, 2.99

and 3.05A for N(l), N(2) and N(4) respectively. These are short enough

to be considered hydrogen bonding distances. The fourth N..O distance
0

(N(3)...0(7)) is 3.22A, probably too long to be considered a hydrogen

bond. There are also fairly short intermolecular distances between the

water molecule and two of the chlorine atoms of the anion (0(7)-Cl(l) 3.431;

0(7)-Cl(2), 3.46X) but these are probably too long to be considered 0...C1

hydrogen bonds.

At least one of the hydrogen bonds should involve an imino hydro-

gen atom, especially since N(4) has no hydrogen atom of its own, and yet

is implicated in the hydrogen bonding scheme. The observed hydrogen

atom positions would indicate that N(2) has at least some degree of sp 3

hybridization, whereas N(l) and N(3) are trigonally hybridized. H(l)

and H(3) are 0.13X and 0.04X respectively out of the planes defined by

the pyrrole rings to which they are bonded. The bond angles also indi-

cate trigonal hybridization. On the other hand H(2) is 0.67X out of

the plane of Ring B in the direction of the water molecule. The N(2)-

H(2)..O(7) a.v-ze is 1480. The problem of tight H-H contacts is also

eliminated. The three H-H contacts are now 2.62A (H(l)-H(2)); 3.00 (H(l)-

H(3)); and 2.34X (H(2)-H(3)). If the hydrogen atom positions are given

idealized values (assuming sp 3 hybridization for N(2), trigonal hybrid-

ization for N(l) and N(3), and a N-H bond length of L.OX) the correspond-

ing H-H contacts are 2.22, 2.23 and 2.19X.
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A caveat should be observed here. The positions of hydrogen atoms

are lifficult to locate when heavy, highly scattering atoms such as rhenium

and chlorine are present and the accuracy of these positions is quite low.

The N-H observed bond lengths in this case are certainly underestimated and

the angles involving H(2) differ considerably from ideal values. Thus the

observed hydrogen atom positions should be viewed as merely an indication

of the nature of the nitrogen atom hybridization. However, other supportive

geometric evidence for the suggested hybridization is available.

The C -N-C angle in Ring B (108.3(6)0) is considerably less
a a

than that found in Rings A and C (110.6(6)0 and 110.8(5)0). In an N-

substituted porphyrin, ethoxycarbonylmethyloctaethylporphyrin,18 the

C a-N-Ca angle is 1070 on the pyrrole ring which has the substituent on the

nitrogen atom. There is little doubt the nitrogen atom in this ring

has sp 3 hybridization. On the other hand the angle is 1100 in the ring

in which the nitrogen atom is trigonally hybridized and bears a hydrogen

atom.

The C a-N bond lengths provide inconclusive evidence for this

hybridization scheme. One would expect a bond length of - 1.41A if sp 3

hybridization were present, as opposed to - 1.301 if there were trigonal

hybridization. 4 , 1 8 The C a-N distances are slightly longer in Ring B

than in the other rings, but this difference is not statistically sig-

nificant. Given the e.s.d. of - 0.011 in a bond length, it is not

unexpected that a difference, if there is one, cannot be observed.
0

The average Ca-Cb distance of 1.42(1)A is somewhat shorter than

the usual 1.44X, but once again it is difficult to judge the statis-

tical significance of the difference. The C -C distances fall within
b b
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the range tabulated by Hoard. 14  With the exception of the Ca -C -Cam a

angles, other bond parameters In the macrocyclic skeleton agree well with

those tabulated. These angles are larger than expected, especially

those involving atoms in Ring B. Opening of the Ca-Cm-Ca angle would

further increase the distance between the hydrogen atoms. In an oxo-

dipyrromethene where both pyrrole rings bear imino hydrogen atoms, the

angle is 1330, presumably to relieve the close H-H contacts.1 9 Since

Ring D does not bear an imino hydrogen atom, the need for an extension

of the Ca-Cm-Ca angle is eliminated and the angles involving this ring

are smaller.

The values for terminal C-C bonds are unusually short. This is a

common observation for octaethylporphyrin complexes and is probably due to

thermal shortening. Previous experience has shown that when these bond

distances are corrected for thermal motion assuming a "riding" model, more

reasonable values are obtained. 2 0 However, thermal shortening does not com-

pletely explain the short C(35)-C(36) distance. This is undoubtedly short

because of the unusually long C(18)-C(35) distance. No explanation for

this long bond length is readily available. The large thermal ellipsoids

and standard deviations for C(35) and C(36) may indicate some disorder,

but attempta to resolve this possible disorder failed. This bond length

was long in separate refinements using both the copper and molybdenum

radiation data (see experimental section).

B. Complex Anion

The preparative, 21-26 mechanistic 2 7, 2 8 and spectroscopic 2 9-31 pro-

perties of halocarbonyls of rhenium(I) have been extensively studied in

the past. Four series of halocarbonyl anions of rhenium(I) have been

reported: [R.(CO) 3X3 ] 27 [Re(CO)IX2]([Re2(CO)7X3B-, and [Re2(CO)6Xa]2-. 3 2 , 3 3

Sj4
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The structure of these anions were deduced from infrared spectroscopic

data. To our knowledge anions of the type found in the present study,

[Re 2 (CO) 6 X31, have not been previously reported. No structural data

have be~n reported for these anionic rhenium(I) halocarbonyls. How-

ever the structure of a closely related neutral complex has been re-

ported. In this compound one of the bridging chlorine ate-s has

been replaced by a bis(di henylarsino)methane group (abbreviated as dam).

In the anion in the present work the average Re-Cl distance is 2.51(1)A,

the average Re-C distance is 1.88(2)A, while the average C-O distance

is 1.15(2)A. These numbers agree well with those found in Re2 (CO) 6 (dam)Cl 2

as do many of the other bond parameters.35 The Re-C and C-O distances

also agree with those found in TPP[Re(CO)1]2. 4 The Re(l)-Re(2) distance

0
of 3.375(l)A is too long to postulate any sort of metal-metal inter-

acticns. None would be expected.

C. Molecular Packing

A stereoview of the packing in the unit cell is shown in Figure 7.

The reason for all eight terminal carbon atoms being pointed In one

direction with respect to the porphyrin ring is apparent from this figure.

With this arrangement steric interactions with the porphyrin cation

related by a center of symmetry are avoided. This was also observed in

N-ethyoxycarbonylmethyl-octaethylporphyrin.18 The interplanar separation

between the cation and its centrosymmetrically related nearest neighbor

is 3.41, which is the approximate layer separation in graphite. However

there are no unusually close contacts between atoms in the two macrocycles.

A listing of the intermolecular contacts M 3.5A are given in Table III.

J
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With the obvious exception of the hydrogen bonding distances between the

cation and the water molecule, and with the possible exception of the

C1(2)-0(7) and C1(3)-0(7) distances which, though unlikely, may cor-

respond to weak O...Cl hydrogen-bonding distances, none of these contacts

is expected to have any significant effect on the observed structure.

EXPERIMENTAL SECTION

Materials

OctaethylporphyrinH 2OEP, was purchased from Strem Chemical Co.;

Dirhenium decacarbonyl, Re2 (CO) 1 0 , and rherium pentacarbonyl chloride,

Re(CO) 5C1, were purchased from Pressure Chemical Co.; Decahydronaphthalene

(decalin) was purchased from J. T. Baker Chemical Co., treated with con-

centrated sulfuric acid, neutralized with sodium bicarbonate solution,

washed with distilled water, dried over anhydrous calcium chloride over-

night, filtered, and further dried over sodium wire; finally it was

distilled under vacuum and stored in a Schlenk tube under argon before

use. Other organic solvents were reagent grade chemicals, dried over

type 4A molecular sieve and distilled under argon before use.

Rhenium pentacarbonyl bromide, Re(CO) 5Br, and dimeric rhenium tetra-

carbonyl bromide, [Re(CO),Br] 2 , were prepared by literature procedures. 3 6- 3 8

Physical Measurements

Elemental analyses were performed by Schwarzkopf Microanalytical

Laboratory, Woodside, New York, 11377. Visible spectra were measured

with a Cary 14 spectrophotometer. Infrared spectra were measured with

a Beckman IR-8 spectrophotometer. Mass spectra were obtained on a CEC-

21-104 mass spectrometer. Proton Magnetic resonance spectra were ob-
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tained using Varian T-60 spectrometers.

,4onocation Octaethy lporphinium Tri-l-chlorohexacarbonyldirhenate(I),

iHo0EP)+ e(Co) V. -. •

A mixture of 95 mg (0.26 mmol) Re(CO) 5 C1 and 65.5 mg (0.13 muol)

H2OEP was refluxed in decalin under argon. The progress of the reaction

was followed by visible spectroscopy. The reaction was complete after

20 hr of refluxing. The decalin solution was then allowed to stand at

room temperature. A large quantity of burgundy colored crystals were

collected by centrifugation and washed with decalin and n-pentane.

Finally, the crude product was recrystallized from dichloromethane/cyclo-

hexane to give 84 mg (0.07 mmol) dark red crystals, (I), mp. 215-2200.

Anal. Calcd for Re 2 C4 2 H47 N40 6 Cl 3 : Re, 31.50; N, 4.74; Cl, 8.98. Found:

Re, 26.25; N, 4.81: Cl, 8.91. The supernatant contained only dirhenium

octaethylporphyrin complex,OEP[Re(CO) 31 2 , as indicated by its visible

spectrum. About 55 mg (0.05 mmol) of the dirhenium octaethylporphyrin

complex was isolated from the supernatant solution.

The new complex I was also prepared by heating H2OEP and Re(CO) 5 CI

in a 1:1.5 mole ratio in decalin under argon for approximately 5 hr.

The supernatant contained only the monorhenium octaethylporphyrin complex,

(H-OEP)Re(CO) 3 , as indicated by its visible absorption spectrum. When

equimolar quantities of H2 OEP and Re(CO) 5 C1 were refluxed in decalin un-

der argon for approximately 3 hr, only the monorhenium octaethylporphyrin

complex was formed.

Monocation Mesoporphyrinium IX Dimethyl Ester Tri-ii-bromohexacarbonyldi-

rhenate(I), (H 3MPIXDME)+[Re2(CO) 6 Brjj_(II).

The reaction was carried out in essentially the same manner as that

described above, with rhenium pentacarbonyl bromide, Re(CO) 5 Br, substi-
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tuted for Re(CO) 5C1 as the metal source. A 120 mg sample of H2MPIXDME

(0.21 mmol) and 180 mg (0.44 mmol) of Re(CO) 5 Br in about 20 ml of

decalin were heated under argon in an oil bath. The reaction was ob-

served to proceei at a temperature of ca. 1200 and the progress of the

reaction was followed by visible absorption opectroscopy. A stepwise

change in the absorption spectra (Figure 3) and a continuous change of

color in the reaction mixture! was observed. After 5 hr of heating, the deca-

lin solution was cooled to room temperature. A large quantity of burgundy

colored substance crystallized out and was collected by centrifugation,

washed with decalin and n-pentane, and finally recrystallized from ethyl

acetate/cyclohexane/dichloromethane to give 186 mg (0.14 mmol) dark red

crystals, (II), mp 180-1850. Anal. Calcd for Re2C4 2H43N40 13 Br 3 : C, 36.63;

H, 3.13; Re, 27.10; N, 4.07; Br, 17.82. Found: C, 35.74; H, 3.26; Re,

29.74; N, 4.31; Br, 19.58. The supernatant contained only the dirhenium

mesoporphyrin complex, mPjre(CO)3 ', as indicated by its visible ab-

sorption spectrum. About 75 mg (0.067 mmol) of the dirhenium mesopor-

phyrin complex was isolated from the supernatant solution.

Compound II can also be prepared in essentially the same manner

as that described above, with dimeric rhenium tetracarbonyl bromide,

[Re(CO) 4Br1 2 , substituted for Re(CO) 5 Br as the metal source. H2MPIXDME

(198 mg, 0.33 mmol) and LRe(CO) 4 Bri 2 (304 mg, 0.40 1tmol) were mixed in

about 20 ml of decalin and heated under argon in an oil bath. The

reaction was observed to proceed at a temperature of ca. 1050 and the

progress of the reaction was followed by visible absorption spectroscopy.

Attempted Preparation of meso-Tetraphenylporphyrin Monocation Salt

The reaction of stoichiometric quantities of Re(CO) 5 C1 with H2TPP in

*
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refluxing decalin under argon, in a manner similar to that used in pre-

paring the salt-like complex 1, resulted in a mixture of the meso-tetra-

phenylporpbyrin dication salt,(H TPP)++.2Cl-, and the monorhenium tetra-

phenylporphyrin complex, (H-TPP)Re(CO)3.

X-Ray Study

The crystals of I grew as parallelepipeds elongated along c and

bounded by (110). The crystal chosen for intensity measurements

measured 0.23xO.34x0.44 mm. The crystal was mounted in a capillary at

an arbitrary orientation, 3 9 but with the c axis approximately parallel

to the spindle axis. In the capillary the crystal has remained stable

for over two years.

Crystal data are listed in Table IV. Cell dimensions were determined

by least squares, minimizing the differences between observed and calcu-

lated 28 values. 24 Cu K (X - 1.54178A) reflections, all having 28 in

the range 50-52.50, were measured at both + and - 28. A Syntex-Datex

automated diffractometer equipped with a graphite monochromator was used.

The systematic absences uniquely determined the space group as P21/a.

A set of intensity data were collected on the Datex-Syntex diffrac-

tometer using Cu K radiation, using the 8-28 method. A total of 4946

independent reflections were measured out to ca.1000 in 28 , the machine

limit. Of these 3463 were considered observed and were used in the anal-

ysis. They were corrected for absorption effects using a Gaussian ine-

gration method.

From these data the structure was elucidated, which provided the

basis for the preliminary communication." However for a number of

reasons it was decided to recollect the data using Mo K radiation
rc
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0

(X - 0.71069A). At the machine limit of 1000 in 2e, a large percentage

of the reflections still had intensities which were considered to be

observed. Collection of the data to a higher sin e/X limit would increase

the accuracy of the structural parameters. Also, the high linear ab-

sorption coefficient for Cu K radiation (119.5 cm- 1 ) introduces a large

systematic error which an absorption correction could only approximately

correct. Low order reflections are the most affected by absorption ef-

fects. It is these same reflections which contain a significant contri-

bution from the scattering power of the hydrogen atoms. One of the hopes

of this study was to locate the imino hydrogen atoms. In the presence

of rhenium and chlorine a.oms, which have a high scattering power, lo-

cating the hydrogen atoms would require a good set of data as free from

systematic error as possible.

Therefore the data were recollected on a Syntex P2 1 diffractometer

using Mo K radiation. The same crystal was used. Intensity data for

10,792 unique reflections, (2e n 550, (sin O/X) = 0.65) were obtained;
max max

the w scan method was employed with a scan range of 0.60. The scan rate

varied from 20 /minute to 120 /minute, depending on the number of counts

accumulated in a rapid preliminary scan. The intensities were normalized

to counts/min. Background measurements were taken at both ends of the

scan with w displaced by 0.70 from the K peak; each measurement was made

for one-half of the scan time. The intensities of the four standard

reflections were monitored after every 89 reflections. Only statistical

variations were observed and no corrections were applied.

Only the 5995 reflections with I Z 3oa were used in the analysis.

The standard deviation aI was determined in terms of the statistical



19

variances of the counts as o 2 . 1 2 (count) + (0-03 F )2 where F isvaine fth onsa I I 0 0

the observed r-ructure factor and a 2 (count) is the standard deviation

based solely on counting statistics.

Absorption corrections were made to the data using a * scan technique,

observing the change of intensity of the 521 reflection. The minimum

intensity observed for this reflection was 62% of the maximum. A scan

of several other reflections gave similar results. Structure factors

were calculated in the usual way assuming a 50% ideally perfect-50%

ideally imperfect monochromator mounted in a parellel orientation.

Determinationl and Refinement of the Structure

Because there are four moleculci in the unit cell of space group

P2,/a, no crystpllographic symmetry is imposed on the molecule. The

positions of the rhenium atoms were found from a Patterson synthesis,

using the data coliected with Cu K radiation. The positions of the
a

remaining 56 nu:-hyerog-n atoms were found from a series of difference

Fourier m&p; . Include-4 among these atoms was a pe-k attributable to a

water molecule of crystallization.

Lei.st-squares refinementsusing block diagonal and finally full-

matrix methods wre carreau ou't. The function minimized wastW(Fo-Fj)2

where w - 1/OF2. ,zCinement using the CUK data was not carried beyond

the sta;e where isotropic temperature factors were used. At this

stage R - ZFI I-IF c/EF was 0.106.

Further refinement utilized the Mo K data. The thermal parametersa

of the non-hydrogen atoms were refined anisotropically. The large

number of parah.eters required refining the formula unit in blocks,

alternately i 'ining the anion and then the cation and water molecule.
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After several cycles of refinement, AF syntheses were calculated

in an effort to locate hydrogen atoms. The three imino hydrogen atoms

were thus found. However many of the hydrogens on the peripheral atoms

were not located or were in chemically unreasonable positions. The posi-

tional parameters of the imino hydrogen atoms were refined. The thermal

parameters for these three atoms were not refined, but were sEt as B - 4.0A2,

as was the case for all hydrogen atoms. Idealized positions for the other

hydrogen atoms were calculated except for those on the water molecule.
0

A C-H bond length of 1.0A and a staggered configuration for the methyl

hydrogens was assumed. The contributions from these were added to Lhe

calculated structure factors but the post, ins were not refined. However,

before the final cycles of refinement, new positions were calculated and

used. The refinement converged with R - 0.046 and R EwZj FojI-Fcj/EwFo2_

0.047. The final value of the standard deviation of an observation of

unit weight, defined as IEwJF0IIFJ2/(N .N)I was 1.72 for N - 5995

reflections and N - 532 variables. In the last cycle of refinement allv

shifts were considerably less thar one standard deviation. There were

five peaks on the final difference Fourier which were above 1 e/A 3 . These

were all close to the rhenium atoms. Neither they nor any other peak

in the final difference Fourier were believed to have auy physical sig-

nificance.

Correction for anomalous dispersion were made for all non-hydrogen

atoms.40 Scattering factors were from Ref. 4 1. The rhenium and chlorine

atoms were assumed to be in the zero ionization state. No evidence of

secondary extinction was found.

The structure was solved and the initial refinement performed on



21

the IBM 360/65 and its successor at Texas A&M, the Amdahl 470 v./6. Mst

of the programs used have been listed elsewhere.4 2," 3 In addition the

data collection and data reduction programs used for the molybdenum data

are those supplied by Syntex Analytical Instruments. Most of the final

refinements and calculations were performed on a PDP 11/40 computer using

the Enraf-Nonius Structure Determination Package (SDP).

The tinal positional and thermal parameters for the notrhydrogen

atoms and the three imino hydrogen atoms are given in Table V. The final

calculated positions of the other hydrogen atoms are given in Table VI.

Tables VII and VIII contain the root-mean-square-components of thermal

displacement along the principal axes of the thermal ellipsoidt and the

observed and calculated structure factors respectively. Tables VI-VIII

are available as supplementary material.
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TABLE I

Bond Lengths (A) and Angles (deg)a

A. Cation

N~(1) -C(1) 1.377(9) C(l) -N(1) -C(4) 110.6(6)
N(1) -C(4) 1.351(9) C(6) -N(2) --C(9) 108.3(6)
N(2) -C(6.) 1.382(8) C(11)-N(3) -C(14) 110.8(5)
N(2) -C(9) 1.391(8) C(16)-N(4) -C(19) 105.3(6)
N(3 -C(11) 1.378(8) N(1) -001) -C(2) 106.4(6)
NM3 -C(14) 1.363(8) N(1) -C(1) -C(20) 125.3(6)
NO4) -C(16) 1.367(8) CM2 -C(1) -C(20) 128.2(6)
NO4) -C(19) 1.364(8) C(1) -C(2) -C(3) 107.9(6)
C(1) -C(2) 1.406(9) C(1) -C(2) -C(21) 124.6(7)
C(1) -C(20) 1.366(10) C(3 -C(2) -C(21) 127.5(7)
C(2) -C(3) 1.381(9) C(2) -C(3) -C(4) 107.7(6)
C(2) -C(21) 1.496(9) C(2) -C(3) -C(23) 126.3(6)
CM3 -CM4 1.407(9) CM4 -CM3 -C(23) 126.0(6)
CM3 -C(23) 1.504(10) N(1) -C(4) -C(3) 107.2(6)
C(4) -C(5) 1.391(9) N(1) -CM4 -C(5) 124.6(6)
C(M -C(6) 1.381(9) C(?) -C(4) -C(5) 128.1(7)
C(6) -CM7 1.417(9) C(4) -C(5) -C(6) 131.3(6)
C(7) -C(8) 1.348(9) N(2) -C(6) -C(5) 123.3(6)
CM7 -C(25) 1.523(10) N(2) -C(6) -C(7) 107.4(6)
C(8) -C(9) 1.410(9) C(5) -C(6) -C(7) 128.8(6)
C(8) -C(27) 1.516(9) C(6) -C(7) -C(8) 108.2(6)
C(9) -C(10) 1.381(9) C(6) -CM7 -C(25) 123.8(6)
C(10)-C(11) 1.352(9) C(8) -CM7 -C(25) 128.0(6)
C(11)-C(12) 1.435(9) C(7) -C(8) -C(9) 108.8(6)
C(12)-C(13) L 358(9) CM7 -C(8) -C(27). 127.6(6)
C(12)-C(29) 1.520(9) C(9) -C(8) -C(27) 123.6(6)
C(13)-C(14) 1.421(8) N(2) -C(9) -C(8) 107.1(6)
C(13)-C(31) 1.520(9) N(2 -C(9) -C(10) 123.5(6)
C(14)-C(15) 1.392(9) CM8 -C(9) -C(10) 129.2(6)
C(15)-C(16) 1.392(9) C(9) -C(10)-C(11). 130.0(6)
C(16)-C(17) 1.425(9) N(3) -C(11)-C(10) 125.6(6)
C(17)-C(18) 1.341(10) NM3 -C(11)-'C(12) 105.5(6)
C(17)-C(33) 1.495(10) C(10)-C(11)-C(12) 129.0(6)
C(18)-C(19) 1.419(10) C(11)-C(12)-C(13) 108.7(6)
C(18)-C(35) 1.698(20) C(11)-C(12)-C(29) 123.3(6)
C(19)-C(20) 1..407(10) C(13)-C(12)-C(29) 127.900'
C(21)-C(22) 1.458(13) C(12)-C(13)-C(14) 107.9(6)

C(12)-C(13)-C(31) 128.3(6)
C(23)-C(24) 1.467(12) C(14)-C(13)-C31) 123.6(6)

NM3 -C(14)-C(13) 107.1(6)
C(25)-C(26) 1.449(12) NO3) -C(14)-C(15) 125.2(6)

C(13)-C('14)-C(15) 127.7(6)
C(27)-C(28) 1.480(13) C(14)-C(15)-C(16) 129.0(6)

NM4 -C(16)-C(15) 124.1(6)
C(29)-C(30) 1.486(11) N(4)N -C(16)-C(17) 110.8(6)
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C(15)-C(16)-C(17) 125.1(6)
C(31)-C(32) 1.472(10) C(16)-C(17)-C(18) 105.9(6)

C(16)-C(17)-C(03) 125.3(6)
C(33)-C(34) 1.472(12) C(18)-C(17)-C(33) 128.7(7)

C(17)-C(18)-C(19) 108.1(6)
C(35)-C(36) 1.262(18) C(17)-C(18)-C(35) 127.4(7)

C(19)-.C(18)-C(35) 122.7(18)
N(1) -H(1) 0.62(7) NM4 -C(19)-C(18) 109.9(6)
N(2) -H(2) 0.84(7) NM(4 -C(19)-C(20) 125.2(7)
N(3) -H(3) 0.62(8) C(18)-C(19)--C(20) 124.7(7)
N(1) *-N(2) 3.002(9) CM1 -C(20)-C(19) 127.2(7)
N(1) -N(4) 2.908(9) C(2) -C(21)-C(22) 112.5(8)
N(2) -N(3) 2.940(9) C(3) -C(23)-C(24) 114.3(7)
N(3) -N(4) 2.945(9) C(7) -C(25)-C(26) 113.4(8)
N(1) -N(3) 4.226(8) C(8) .-C(27)-C(28) 112.0(7)
N(2) -N(4) 4.113(9) C(12)-C(29)-C(30) 113.3(6)
c(5)-C(15) 6.782(10) C(13)-C(31)-C(32) 113.8(6)
C(10)-C(20) 6.883(10) C(17)-C(33)-C(34) 110.8(7)

C(18')-C(35)-C('36) 93.4(15)
C(I) -N(1) -H(1) 124 (8)
CM4 -N(1) -H~(1) 124 (8)
C(6) -N(2) -11(2) 118 (5)
C(9) -N(2) -11(2) 98 (5)
C(11)-N(3)-H(3) 124 (9)
C(14)-N(3) H1(3) 125 (9)

B. Anion

Re(1)-Cl(1) 2.517(2) Cl(1)-Re(1)-Cl(2) 79.06(5)
Re(1l)-Cl(2) 2.501(2) Cl(1)-Re(1)-Cl(3) 79.87(6)
Re(1)-C1(3) 2.493(2) Cl(1)-Re(1)-C(37) 171.0(2)
Re(1)-C(37) 1.889(8) Cl(1)-Re(1)-C(38) 95.6(3)
Re(1)-C(38) 1.852(10) C1(1)-Re(1)-C(39) 97.1(2)
Re(1)-C(39) 1.877(8) Cl(2)-Re(1)-C(37) 94.6(2)
Re(2)-Cl(l) 2.530(2) Cl(2)..Re(l)-.C(38) 93.8(2)
Re(2)-Cl(2) 2.509(2) Cl(2)-Re(1)-.C(39) 175.1(2)
Re(2)-Cl(3) 2.501(2) Cl(3)-Re(1)-C(37) 92.9(2)
Re(2)-C(40) 1.091(9) Cl(3)-Re(1)-C(38) 173.4(3)
Re(2)-C(41) 1.897(9) C1(3)-Re(1)-C(39) 95.7(2)
Re(2)-C(42) 1.867(9) C(37)-Re(1)-C(38) 91.2(3)
C(37)-0(1) 1.142(8) C(37)-Re(1)-C(39) 88.9(3)
C(38)-0(2) 1.191(9) C(38)-Re(1)-C(39) 89.5(3)
C(39.)-0(3) 1.138(8) C1(1)-Re(2)-Cl(2) 76.68(5)
C(40)-0(4) 1.158(9) C1(1)-Re(2)-Cl(3) 79.47(6)
C(41)-0(5) 1.125(8) C1(1)-R3(2)-C(40) 96.57(2)
C(41)-0(6) 1.159(9) C1(1)-Re(2)-C(41)' 170.9(2)
Re(1)-Re(2) 3.375(1) C1(1)-Re(2)-C(42) 97.5(3)

C1(2)-Re(2)-C1(3) 80.37(6)
C1(2)-Re(2)-C(40) 174.8(2)
C1(2)-Re(2)-C(41) 95.6(2)
C1(2)-Re(2)-C(42) 93.9(3)
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C1(3)-Re(2)-C(40) 96.8(3)
C1(3)-Re(2)-C(41) 92.7(2)
C1(3)-Re(2)-C(42) 173.9(3)
C(40)-Re(2)-C(41) 88.9(3)
C(40)-Re(2)-C(42) 88.7(4)
C(41)-Re(2)-C(42) 89.9(3)
Re(l)-C1(1)-Re(2) 83.93(6)
Re(1)-C1(2)-Re(2) 84.70(6)
Re(1)-Cl(3)-Re(2) 85.02(6)
Re(1)-C(37)-0(1) 177.7(7)
Re(1)-C(38)-0(2) 177.8(8)
Re(1)-C(39)-0(3) 179.2(7)
Re (2)-C (40)-0 (4) 179.1(8)
Re(2)-C(41)-0(5) 077.508)

Re(2)-C(42)-0(6) 178.7(8)

a Some nonbonded distances of interest are also given. Asterisks

indicate corrections for thermal motion.

I
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TABLE II

Least Squares Planes

A. Deviations (A) From Planes

Plane 1 Plane 2 Plane 3 Plane 4 Plane 5 Plane 6 Plane 7

N(l) 0.007 -0.027 -0.008 -0.003 -0.298 0.106 0.102
N(2) 0.127 0.027 0.092 0.208 *-0.009 0.095 0 183
N(3) -0.013 -0.027 -0.024 0.109 -0,504 -0.002 -. 016
NM4 -0.024 0.027 -0.015 0.009 -0.677 0.117 -.013
CM1 0.040 0.044 0.036 -0.008 -0.2ý13 0.203 0.148
C(2) 0.102 0.082 0.091 0.016 -0. 196 0.273 0.243
CM3 0.050 -0.020 0.026 -0.018 -0.072 0.165 0.199
CM4 0.'035 -0.043 0.008 0.014 -0.094 0.105 0.154
CM5 -0.107 -0.226 -0.147 -0.100 -0.111 -0.096 0.006
C(6) 0.002 -0.133 -0.042 0.057 0.018 -0.040 0.088
CM7 -0.189 -0.371 -0.247 -0.105 -0.022 -0.295 -0.107
C(8) -0.091 -0.266 -0.147 0.036 0.017 -0.225 -0.039
CM9 0.078 -0.047 0.035 0.204 -0.005 -0.011 0.112
COW0 0.094 -0.007 0.058 0.255 -0.108 -0.001 0.095
C(11) 0.052 0.001 0.030 0.213 -0.331 0.000 0.036
Q(12) 0.060 0.034 0.045 0.258 -0.444 0.001 0.011
C(13) 0.009 0.024 0.000 0.183 -0.674 -0.002 -0.055
COO4 -0.041 -0.009 -0.038 0.094 -0.708 0.002 -0.067
C(15) -0.049 0.027 -0.035 0.054 -0.860 0.057 -0.071
C(16) -0.023 0.064 -0.004 0.034 -0.830 0.130 -0.016
C(17) 0.004 0.139 0.036 0.033 -0.958 0.221 0.013
C(18) -0.046 0.082 -0.016 -0.059 -0.946 0.198 -0.005
C(19) -0.062 0.014 -0.046 -0.073 -0.771 0.135 -0.004
C(20) -0.007 0.047 0.003 -0.055 -0.603 0.200 0.084
0(7) 2.254 2.228 2.241 2.304 1.844 2.311 2.304

B. Angles (deg) between Least-Squares Planes

Plane 2 Plane 3 Plane 4 Plane 5 Plane 6 Plane 7

Plane 1 2.1 0.6 1.9 7.7 2.7 1.4
Plane 2 1.5 3.2 9.8 1.5 2.9
Plane 3 2.2 8.3 2.2 1.7
Plane 4 7.9 4.3 3.2
Plane 5 9.8 7.1
Plane 6 2.7
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C. Equations of Planesa

Plane I Macrocycle: N(1)-N(4), C(l)-C(20)

11.711x + 12 . 2 8 6y - 8,909z - -2.725

Plane 2 N(1)-N(4)

11.992x + 11.703y - 9.197z - -2.854

Plane 3 N(1), N(3), N(4), C(1)-C(5), C(10)-C(20)

11.796x + 12.121y - 8.990z - -2.755

Plane 4 Ring A: N(1), C(1)-C(4)

11.274x + 12.454y - 9.063z - -2.909

Plane 5 Ring B: N(2), C(6)-C(9)

10.883x + 14.1 5 5y - 7.604z - -1.625

Plane 6 Ring C: N(3), C(11)-C(14)

12.296x + 11.627y - 9.032z - -2.812

Plane 7 Ring D: N(4), C(16)-C(19)

11.899x + 12.36y - 8.693z - -2.628

a All planes are unweighted. x, y, z are in monoclinic fractional coordinates.
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TABLE III

Intermolecular Contacts (A) - 3.5X

C1(2)-0(7) 3.43 0(1) -C(33)a 3.47
Cl(3)-O(7) 3.47 0(1) -C(34)a 3.20
C(38)-0(7) 3.46 C(5) -C(31)b' 3.45
N(1) -0(7) 2.97* C(27)-C(33)' 3.47
N(2) -0(7) 2.99* 0(1) -C(24)c 3.30
N(3) -0(7) 3.22 0(2) -0( 4 )d 3.09
N(4) -0(7) 3.05* 0(3) -C(21)e 3.38
0(2) -C(10) 3.19
0(2) -C(11) 3.24
0(6) -C(36) 3.42

Superscripts denote the following equivalent positions
relative to positions given in Table V. No superscript
indicates only the identity transformatior has been made.
Asterisks indicate hydrogen-bonding distances.

a -x, -y, -z

b x -y, 1-z

c -k+x, ½-y, -i+z

d -_-x, ½-Y, z

e 1-x, y•y, -1+z
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TABLE IV

Crystal Data for (C36 H4 7N 4 )+[Re 2 (CO) 6 C1 3 ]-H 2 Oa

0

a - 18.140(3)A F.W. = 1200.6

b - 19..847(3)A Z - 4
0

13.625(2)A dcalcd = 1.75 g/cm3

8 - 111.64(2) 1 - 58.4 cm-'(Mo K radiation)
a

V - 4559A3

SYSTEMATIC ABSENCES: hOt(h odd); OkO(k odd)

SPACE GROUP: P2 1/a

a Estimated standard deviation of le-st significant

figures shown in parentheses

•4
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Table V

Fractional Coordinates and Thermal Motion Parameters Derived from the

Least-Squares Refinementa

aIn this and subsequent tahles estimated standard deviations for the least

significant figure are in parentheses. The Debye-Waller factor is defined

as T-exp[-2w2 (U a*2 h2+U b* 2 k2+ U 3 212 + U 1*b*hk + 1 a~c'hl + U bJc*k1)].
11 22 33 12 13 33

The values for U have been multiplied by 103, except fo'. those of Re which have

been multiplied by 104. For those atoms refined isotrL.pically, the values

for B (multiplied by a factor of 10) are given in the column labeled U11.
Isotropic temperature factors are defined by T-espý-B(Ein 2e)/xI.
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CAPTIONS FOR FIGURES

Figure 1. !isible Spectra of(H3 OEP)+[Re 2 (CO) 6 C13 ]_ and (H4 OEP)++2Cl-.

Figure 2. Thermal Decomposition of (H OEP)+[Re (CO) 6•Cj- to Form
OEP[Re(CO) 3 ] 2 in Refluxing Iecalin. 2 6

Figure 3. Repeated Sean Spectrophotometry Showing Progress of the +
Formation of (H-MP)Re(CO) 3, MP[Re(C0 3 )] 2 and (H3MPIXDME)
[Re 2 (CO) 6 Br3 ]-.

13+
Figure 4. a. ORTEP drawing of the porphyrin cation, HIOEP+.

Numbering scheme is shown. Shown in parentheses are the
designations for the various types of carbon atoms. The
thermal ellipsoids are drawn for 50% probabilly, except
those of the hydrogen atoms which are not dr•,•n to scale.
H(21) and H(40) are hidden behind C(26) and '(34) respec-
tively.

b. ORTEP Drawing of the complex anion.

Figure 5. A stereoview of the formula unit of (H OEP) + [e(CO)ICle1
H 20. The water of crystallization is Mlustrated by a
large circle. Imino hydrogen atoms are in~icied by small
circles. Other hydrogen atoms have been comitted. The no-
tation of the pyrrole rings is shown. Note Lhe tilt of
Ring B with respect to the macrocycle.

Figure 6. Schematic drawing showing the significant contacts between the

porphyrins cation and the oxygen atom of the water of crystal-
lization. The lines between nitrogen atoms signify the planes
of the macrocycle. Of the hydrogen atoms shown, it is believed
that only H(2) is involved in hydrogen-bonding. This is in-

dicated by a solid line between H(2) and 0(7), The N(2)-
H(2)-O(7) bond angle is also shown.

Figure 7. Steroview of the packing in the unit cell. rircles of in-
creasing size represent rhenium, chlorine and oxygen atoms
respectively.

I
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Synthesis, Characterization, and Structure of

Tri-i-halogeno-hexacarbonyldirhenate(I) Salts of Honocationic Porphyrin Acids

Ia ia lb lbC. P. Hrung, M. Tsutsui*, D. L. Cullen, and E. F. Meyer, Jr.

Department of Chemistry and Department of Biophysics and Biochemistry,
Texas Agricultural Experiment Station, Texas A & M University,
College Station, Texas 77843

and

C.N. Morimoto, Syntex Analytical Instruments, Inc., 10040 Bubb Road,
Cupertino, California 95014

SUPPLEMENTARY MATERIAL
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TABLE VIII

Values of 10 IFol and 10 IFcI

For (H3OEP)+[Re 2 (CO) 6C13]'"

A. Data having 20 S 450

B. Data having 450< 20 • 55
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